Introduction
In vitro mineralization by cells isolated from bone has been studied1-6) previously in order to understand the intracellular events and extracellular processes occurring on initiation of bone formation. However, some of the previous protocols for isolating bone cell populations using collagenase solution were rather complicated1,2,5), and detection of bone nodules (mineral deposits) formed by the isolated cells was time-consuming1-5). With regard to oral tissue, little has been reported on the in vitro mineralization capacity of cells derived from the mandible6). Accordingly, the present study was performed with a view to establishing a simple and reproducible cell culture system using alveolar bone from young adult rabbits, and to demonstrate the capacity of these cells for in vitro mineralization in short-term culture.
Materials and Methods
Alveolar bone from young adult rabbit (3 months old) mandible was aseptically fragmented and washed twice with phosphatebuffered saline. The bone fragments were lightly treated with a collagenase mixture, as described previously by Bellows et al.2). The enzyme solution was then discarded, and the enzyme-treated bone fragments were cul- Fig.1 Polygonal, osteoblast-like cells growing out of an alveolar bone fragment (BF). Fig.2 Alizarin red-stained 21-day culture. Several loci showing mineralization are evident, and the surrounding cells are polygonal. Fig.3 Toluidine blue-stained section of 7-day culture. Large and small nodules (arrowheads) are located in a mound-like accumulation of cells. Fig.4 Ultrastructure of a cell and calcifying nodule (Nd) in 3-day culture. Cell organelles are well developed. Deposition of needle-shaped crystals is evident in the Nd, which is rich in collagen fibrils. Fig.5 Ultrastructure of a cell and a highly calcified nodule (Nd) in 14-day culture.
tions for light microscopy were stained with toluidine blue, and ultra thin sections for transmission electron microscopy were stained with uranyl acetate and lead citrate.
Results
Cell populations derived from the alveolar bone fragments mostly showed a distinct polygonal appearance (Fig. 1) , and a similar morphology was observed in the confluent cultures (day 0) as well as the subsequent cultures. Focal accumulations of the cells, each with a central opaque region, were recognizable by microscopy on day 3, and with the naked eye on day. 5. These opaque regions increased in diameter and height, and the associated cells became multilayered after day 14. With alizarin red S, the opaque regions showed moderate to intense staining. The staining was not homogeneous, but several intensely-staining loci were demonstrable within each opaque region (Fig. 2) . In toluidine blue-staining sections (Fig. 3) , cell accumulations were mound-like and the cells were in close apposition with the well stained material, presumably mineralized masses. In addition to the major mineralized masses, several smaller mineral deposits were also observed (Fig.3) .
Ultrastructurally, cells in the early stage of culture appeared to be in a state of active biosynthesis, i. e., the cells possessed well developed rough endoplasmic reticulum, prominent Golgi apparatus and abundant mitochondria (Fig. 4) . Needle-shaped apatite-like crystals were present in the peripheral organic matrix of early calcifying nodules (Fig. 4) . After a longer period of culture, these nodules were more highly calcified (Fig. 5) .
Discussion
For the identification of osteoblast-like cells, various parameters have been used such as the ability to synthesize osteoblast-associated proteins (type I collagen, osteocalcin, osteonectin, etc.), the presence of alkaline phosphatase activity and a tissue-specific hormone response9). However, these biochemical parameters, except for osteocalcin, are not unique to osteoblast-like cells. At present, an osteogenic capacity seems to be the most reliable indicator, since the primary function of osteoblasts is bone formation9). Therefore, in this preliminary study, we focused on morphological observation combined with histochemical staining to identify mineral deposits formed by alveolar bone cell populations.
In living cultures, the cells were largely polygonal, and an intimate relationship bet- Cell Biol. 96: 191-198,1983. 
